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Introduction
Osteoarthritis (OA) is the most common joint disease and this is a major cause of joint pain and disability in the aging population. Its etiology is multifactorial (i.e., age, obesity, joint injury, genetic predisposition), and the pathophysiologic process affects the entirety of the joint [1] .
Although it is not yet clear if it precedes or occurs subsequently to cartilage damage, subchondral bone sclerosis is an important feature in OA pathophysiology [2] . It is characterized by local bone resorption and the accumulation of weakly mineralized osteoid substance [3] . Subchondral bone sclerosis is suspected to be linked to cartilage degradation, not only by modifying the mechanical stresses transmitted to the cartilage, but also by releasing biochemical factors with an activity on cartilage metabolism [4] [5] [6] . We have previously demonstrated that osteoblasts isolated from subchondral OA bone exhibited an altered phenotype. More precisely, we showed that osteoblasts coming from the thickening (called sclerotic, SC) of subchondral bone located just below a cartilage lesion produced higher levels of alkaline phosphatase, interleukin (IL)-6, IL-8, prostaglandin E 2 , vascular endothelial growth factor (VEGF), matrix metalloproteinase (MMP)-9 and transforming growth factor (TGF)-β1 and type I collagen than osteoblasts coming from the non-thickening neighboring area (called non-sclerotic area, NSC) [7, 8] .
To compare secretome of cells living in different in vivo conditions is useful, not only to better understand the pathological mechanisms underlying changes in OA subchondral bone, but also to identify soluble biomarkers potentially reflecting these changes.
Using our well-characterized human subchondral osteoblast culture model [7] [8] [9] , we compared the secretome of osteoblasts coming from sclerotic and non sclerotic OA subchondral bone. This approach allowed to identify changes in secretome that contribute to explain some subchondral bone abnormalities in OA and to propose osteomodulin and fibulin-3 as potential biomarkers of OA subchondral bone remodelling.
OA lesions, all suffering of grade IV of OA. Patient characteristics are listed in Table 1 . Five patients were used for mass spectrometry-based identification and 5 others patients for confirmatory analysis of selected proteins using western blot and immunoassays. The age of the patients ranged from 42 to 83 years (median 70 years). Bone explants were prepared as previously described [7, 8] http://dx.doi.org/10.17504/protocols.io.mkmc4u6. Briefly, after careful elimination of trabecular bone and articular cartilage, OA subchondral bone was dissected to separate NSC from SC zones. We have considered as SC bone only the subchondral bone zones with a thickness greater than 2 mm and either denuded or overlaid by fibrillated cartilage. Also, we have considered as NSC bone only the subchondral bone zones with a maximal thickness of 1 mm [7] . Osteoblasts from SC or NSC subchondral bone were then obtained by outgrowth from explants. At confluence, primary cells were collected by trypsinization, seeded (20,000 cells/cm 2 ) in 12-well plates (12-well companion plates, Falcon, BD Biosciences) and grown for 3 days in DMEM containing 10% FBS, 100 U/ml penicillin, 100 μg/ml streptomycin, 10 mM HEPES, 2mM glutamine. The structural difference between SC and NSC bone explant was confirmed histologically as previously reported [7] . Further, before inclusion in the proteomic analysis, phenotype difference between SC and NSC osteoblasts was checked using multiple biomarkers as already published [7, 8] (Table 1) .
For the experimentations, osteoblasts were rinsed and then cultured in a BSA/FBS free medium for 72 hours. The nutrient media used was DMEM supplemented with 1% ITS (Lonza, Belgium), 10 mM HEPES, 100 U/ml penicillin, 100 μg/ml streptomycin, 2mM glutamine (Lonza, Belgium), 50 μg/ml ascorbic acid (Sigma-Aldrich, Belgium), 20 μg/ml proline (Invitrogen, Belgium). ITS is a premixed cell growth system containing in one ml: 0.625 mg insulin, 0.625 mg transferrin, 0.625 μg selenious acid. These conditioned 72h supernatants were used to perform the secretome analysis. Culture supernatants conditioned during three days by NSC or SC osteoblasts were analyzed by LC-ESI-MS/MS, western blot or immunoassays. Cells were collected and RNA extraction and RT-PCR analysis.
Proteomic analysis
We performed a proteomic analysis of NSC or SC osteoblasts conditioned culture medium, using differential quantitative and relative label free analysis on nano 2D UPLC-SYNAPT Synapt HDMS G2 HDMS system (Waters, Manchester, UK). Matched NSC and SC culture supernatants of five patients were analyzed. 
Protein identification by LC-ESI-MS/MS.
The samples were reduced, alkylated, concentrated using Amicon (Millipore) with membrane cut-off of 3kDa. The protein content of the samples was then quantified using RCDC kit (Biorad). Aliquotes of 15 μg for each sample were then purified by precipitation using the 2D-Clean up kit (GE) according to manufacturer recommendations, to eliminate impurities not compatible with mass spectrometry analysis. The protein pellets after the washing steps were further resolubilized in bicarbonate ammonium 50mM. The samples were digested in solution with trypsin (16 hours at 37˚C ratio tryspin/ total proteins (W/W) (1/50), 3h at 37˚C with ratio 1/100 in 80% ACN). The reaction was stopped by addition of formic acid. The samples were evaporated to dryness in a speed vacuum.
The samples were dissolved in water 0.1% formic acid then an aliquote corresponding to 3.5 μg of protein digest for each sample was purified using a Zip-Tip C18 High Capacity according to manufacturer recommendations. The samples were evaporated to dryness in a speed vacuum.
Digested samples were analyzed (separately) using the 2D-nano-Acquity1 UPLC system (Waters, Manchester, UK) coupled with the SYNAPT G2 HDMS Mass Spectrometer (Waters, Manchester, UK). 3.5 μg of lyophilized peptides were dissolved in 12.5 μL of 100mM ammonium formiate buffer (pH10). Samples were spiked with MassPREP™ Digestion Standard Mixtures 1 or 2 (IS1 and IS2) containing an equimolar or different amounts of yeastalcohol dehydrogenase, rabbit glycogen phosphorylase beta, bovine serum albumin and yeast enolase (Waters, Manchester). Finlay, 9 μL of the sample containing 150 fmoles of yeast alcohol dehydrogenase was injected, corresponding to an estimated sample load of 2.5μg.
PLGS analysis. The LC-MSMS analyses and the bioinformatic processing were performed as previously described by Baiwir et al. [11] . Protein identification was performed using the data base extracted from UNIPROT Sus Crofa with manual addition of the protein sequences used as spikes and internal standards: MPDS mix.
The PLGS score is a probabilistic score correlated to the degree of confidence regarding the identification of a protein. Therefore a high value of PLGS score correlates with the fact that a high quality and quantity of information was observed by MS and MSE. The score is attributed to the protein after database search. This database search involves also the search on a randomized database recomputed from the original data base to evaluate the risk of false positive protein identification.
For identification, the minimum to consider is at least two different peptides per protein identified and to check the false positive rate, this should be as low as possible (the false positive rate will be of maximum 4% because of the settings used in PLGS database search).
The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE partner repository with the dataset identifier PXD008494 [12] .
Quantitative Real-time RT PCR
RNA from 1.10 6 cells was isolated by RNeasy mini kit total RNA isolation system (Qiagen, Belgium) and polymerase chain reaction (PCR) was performed by using the Rotor Gene (Qiagen, Belgium)-SYBR premix Ex Taq (Takara, Belgium). The PCR template source was either 3 ng first-strand cDNA or purified DNA standard. PCR program comprised an initial denaturation step at 95˚C for 10 s followed by 40 cycles of denaturation at 95xC for 5 s and annealing/extension at 60˚C for 25 s and an ending melting step from 65˚C to 96˚C with a 1˚C increase each s.
The following primer sequences were used to amplify the desired cDNA: HPRT forward 
Western blotting
Serum of 12 men were used in western-blotting experiments, 6 healthy (mean age 43, range 22-61) and 6 suffering of severe OA just before TKR (mean age 67, range 44-82). Before experiment serum were depleted in IgG and albumin using ProteoPrep kits (Sigma). During this process serum is diluted by approximately 3.3-fold. Supernatants of three independent Subchondral osteoblast culture were 20-fold concentrated using Amicon Ultra 3kDa 2 ml column (Millipore). Recombinant human OMD (R&D systems, 2884-AD) was used as positive control. Depleted serum (15μl) or osteoblasts concentrated supernatant (6 μl = 6 μg total proteins) were fractioned by electrophoresis on a polyacrylamide gel (9%) and transferred onto a polyvinylidene difluoride membrane. Membranes were blocked overnight 4˚C with Roche Blocking Reagent (Villevorde, Belgium). Membranes were then incubated overnight at 4˚C with a biotinylated polyclonal goat antiserum, affinity purified, raised against the whole osteomodulin protein (BAF2884, R&D systems, Minneapolis, USA) 1:200 dilution in 0.5% Roche blocking reagent. Streptavidin-Horse-radish peroxidase (HRP) (1:2500 dilution) was used as detection (Roche). The reaction was revealed with Luminata classico Western blotting substrate (Millipore) and capture with an ImageQuantLAS4000 (Amersham). LRMSHNKLQDIPYNI 276 -KLH coupled peptides. Antisera were specific to these sequences and do not cross with 60% homolog peptides contained in the Lumican protein. Assays were made using biotinylated peptides, without the cysteine added for the KLH coupling, fixed on a streptavidin-coated 96-wells-plate. The competitive ELISA was carried using 50 μl of unbiotinylated and uncoupled peptide as competitor, with a standard curve concentrations comprise between 520 nM and 8 nM, and 50 μl of OMD antisera, 1h at room temperature under 500 rpm agitation. OMD1 antiserum was used at 1:7500 and OMD2 antiserum at 1:1000 dilution. Peroxidase AffiniPure Goat Anti-Mouse IgG, Fcγ Fragment Specific (Jackson ImmunoResearch) was used as secondary antibody (1:10000 dilution). Human sera dilution was shown to be parallel to the standard curve from 1:2 to 1:8 dilution. All sera and reagents were prepared in Diluent Reagent Buffer (D-Tek, Belgium). Assays were performed at 1:3 dilution of the sera for human. Culture supernatants were assayed undiluted.
OMD1 and OMD2 ELISA

Fib3-1, Fib3-2 and Fib3-3 ELISA
Three fibulin-3 peptides were determined. The sequence of Fib3-1, Fib3-2 and Fib3-3 were , respectively. They were quantified in triplicate by specific competitive Enzyme-Linked Immunosorbent Assays (ELISAs) (Artialis SA, Liège, Belgium), as previously described [13] .
Statistical analysis
For proteomic, statistical analysis was made with ProteinLynx Global SERVER vs2.5 includes identification of the peptides and proteins and their relative quantification on the base of coanalysis of a second internal standard composed of several proteins digests, present in both samples to be compared at different abundance ratio. The linear dynamic range of this label free quantitative technique is around 3 to 4 order of magnitude.
For gene expression and ELISA, the results (mean ± SD) were expressed as HPRT-normalized gene expression or as concentration of protein per μg of DNA. A unpaired t-test was performed for each experiment. For western-blot and ELISA quantification in sera, following a D'Agostino & Pearson omnibus normality test, a Mann-Whitney test or Spearman correlation was performed (GraphPad Prism 6.0).
Results
OA osteoblasts secretome
We performed a proteomic analysis of OA osteoblasts conditioned culture medium, using differential quantitative and relative label free analysis on nano2D-UPLC-SYNAPT G2 HDMS system (Waters, Manchester, UK) to identify the differential protein production between NSC and SC osteoblasts. Looking at the global NSC secretome, we used high top 3 analysis to estimate the protein abundance [14] . Without the internal standard and the proteins added in the supernatant during the cell culture (IGF-1 and transferrin), 175 proteins were found in the osteoblast secretome (Table 2 ). Taking in account the different isoforms of proteins, 318 proteins were found in osteoblasts secretome.
The more abundant secreted proteins were type I collagen, SPARC (osteonectin), fibronectin and lumican. Other collagens were present (type XII, VI, II, V and XIV follow their abundance), and insulin growth factor binding proteins (IGFBPs) were particularly abundant (IGFBP7, 4, 5, 3, 2 and 6 according to their abundance).
Differentially secreted proteins between NSC and SC osteoblasts
Twelve proteins were found less secreted by SC than NSC osteoblasts (Osteomodulin (OMD), IGFB5, vascular cell adhesion molecule (VCAM)1, IGF2, 78 kDa glucose-regulated protein, versican, calumenin, IGFBP2, thrombospondin-4, periostin, reticulocalbin 1 and SPARC, Table 3 ). OMD level was particularly lowered in SC osteoblasts supernatant compared to NSC. More precisely, OMD was found to be reduced by 54% in two patients (p = 0.0212) and undetectable in the three others SC osteoblasts culture.
Conversely, 12 proteins are found to be in higher concentration in SC than NSC osteoblasts secretome (chitinase 3 like protein 1 (CHI3L1), fibulin-3, SERPINE2, IGFBP6, SH3 domainbinding glutamic acid-rich-like protein 3 (SH3BGRL3), SERPINE1, reticulocalbin3, alpha- 
2-HS-glycoprotein, tissue inhibitor of metalloproteases (TIMP)-2, IGFBP3, TIMP-1, SER-PINF1
). Macrophage colony-stimulating factor (CSF1) was only found in SC osteoblasts secretome in three patients (Table 3) .
Gene expression of differentially secreted proteins in NSC and SC osteoblasts
We analyzed the mRNA levels of fourteen significantly differentially secreted proteins: OMD, periostin, IGF2, IGFBP5, calumenin and VCAM1 for the lowered and fibulin-3, SERPIN E1 and E2, IGFBP6, SH3BGRL3, alpha-2-HS-glycoprotein, CHI3L1 and CSF1, for the increased. Alpha-2-HS-glycoprotein mRNA levels was undetectable in our experimental conditions. Out of the six decreased proteins, only OMD (0.57 +/-0.19 fold, p = 0.0374) and IGF2 (0.49 +/-0.15 fold, p = 0.0082) mRNA levels were also lower in SC than in NSC osteoblasts in the 5 independent cultures (Fig 1A) . Contrariwise, mRNA levels of periostin, calumenin, VCAM1 and IGFBP5 didn't significantly vary between NSC and SC osteoblasts (Fig 1) .
Out of the eight more increased proteins, CHI3L1 (2.42 +/-1.13 fold, p = 0.0244), fibulin-3 (2.22 +/-0.50, p = 0.0232), and SERPIN E1 (1.90+/-0.76 fold, p = 0.0334) mRNA levels were higher in SC than in NSC osteoblasts (Fig 1) . SERPIN E2, IGFBP6, CSF-1 and SH3BGRL3 gene expression didn't significantly vary between NSC and SC cells (Fig 1) .
Quantification of osteomodulin in osteoblasts supernatant and human serum
Because OMD was the most diminished in SC osteoblasts secretome, we also investigated this protein by western blot using a goat polyclonal antiserum raised against the entire OMD protein (R&D systems), both in osteoblasts culture supernatants and human serum (Fig 2) . The recombinant OMD (positive control) was made in a mouse myeloma cell line and runs between 60-66kDa on reducing gels.
In osteoblasts culture supernatants, OMD appeared in two major bands of approximately 70 and 75 kDa. OMD was less abundant in SC than in NSC conditioned culture medium (Fig  2A) .
In human serum, antibodies bound mainly a 54 kDa OMD form. Minor 42, 35 and 30 kDa forms were also observed (Fig 2B) .
We have quantified OMD bands in serum of 6 healthy patients and 6 severe OA patients just before total knee replacement (TKR). Normalized signal was reduced by half in TKR compared to healthy patients (p = 0.0519, Fig 2C) .
To verify this hypothesis, we immunized Balb-C mice with a two peptides specific for OMD:
148
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162 called OMD1 and 261 LRMSHNKLQDIPYNI 276 called OMD2. Using these antisera, competitive ELISAs were developed and were able to detect OMD in osteoblasts culture supernatant and human serum. These ELISAs confirming the (Fig 3) In human serum, we quantified OMD1 and OMD2 in 22 healthy persons aged from 31 to 65 year-old and 22 severe OA patients (before TKR) aged from 44 to 83 year-old. OMD1 and OMD2 were both significantly lower in OA compared to healthy patients (0.65-fold p = 0.0254 and 0.50-fold, p<0.0001, respectively, Fig 4) . The OMD levels was not significantly different between men and women. The OMD1 level was significantly correlated with OMD2 level in healthy and OA sera (r = 0.56, p<0.0001, Fig 4C) .
Fibulin-3 fragment ELISA
We have quantified three fibulin-3 fragments (Fib3-1, Fib3-2 and Fib3-3) in the supernatant of 10 independent osteoblasts cultures. Each culture was performed with cells coming from a single patient (Fig 5) . The concentration of the fibulin-3 fragments was increased in SC osteoblasts supernatants compared to NSC, but the difference was only significant for Fib3-3 [Fib3-1 (1.44-fold p = 0.13, n = 4) Fib3-2 (1.32-fold p = 0.21, n = 7) Fib3-3 (1.45-fold p = 0.01, n = 9)].
Discussion
So far, little information is available regarding the protein profiles disturbances in OA subchondral bone [15] . To extract and purify proteins from bone remains technically challenging Western-blotting detection of osteomodulin using goat polyclonal antisera raised against entire osteomodulin. (A)(B) rhOMD: human recombinant osteomodulin (positive control), DMEM: concentration unconditioned culture supernatant (negative control), NSC: non sclerotic osteoblasts supernatant (N36, N38, N40), SC: sclerotic osteoblasts supernatant (S36, S38, S40), C1-6: six healthy patients albumin/IgG depleted serum, OA1-6: six OA patients before total knee replacement surgery albumin/IgG depleted serum. (C) Quantification of osteomodulin western blot performed on osteoblasts culture supernatants and on albumin/IgG depleted serum of 6 healthy patients (controls) and 6 patients before total knee replacement (OA). Quantification was made using ImageJ on total band and normalized with total protein charged visualized with reverse total protein stain (Pierce). [16] . Therefore, the in vitro study of osteoblasts secretome is an alternative, mainly if this study compares secretome of cells differently affected by the disease. For the first time, we have compared secretome of osteoblasts coming from non-sclerotic and sclerotic area of the same subchondral bone sample.
One hundred seventy five proteins, mainly extracellular matrix protein, were identified in NSC osteoblasts secretome. Among these extracellular matrix proteins some collagens, SPARC, lumican, fibronectin, decorin, biglycan, periostin, osteomodulin, vimentin were particularly abundant. Of course, the list of identified proteins is not exhaustive and some proteins are probably missing because minor proteins or small proteins are difficult to identify by mass spectrometry-based proteomic studies. The main explanations are the saturation of detectors with high abundance ions and the non-identification of small ionized peptides resulting of trypsin digestion.
Compared to NSC osteoblasts, 12 proteins were found in lower levels and 13 in higher levels in SC osteoblasts secretome (see Table 3 ). The majority of decreased proteins are involved in the mineralization process, like periostin [17] , osteonectin [18] , OMD, reticulocalbin and calumemin [19] . This finding could explain the lower mineralization of osteoid matrix in SC subchondral bone compared with NSC bone [3] . One well-documented explanation was the lower affinity of type I collagen for calcium [3] , but our data also suggest that the decrease of some matrix proteins like periostin, osteonectin, OMD, calumenin and reticulocalbin could play a role.
The most down-regulated protein in SC osteoblasts was OMD. OMD, also called osteoadherin, is an extracellular matrix keratan sulfate proteoglycan member of the small leucine-rich repeat protein family. It was thought to be bone specific but recently OMD expression was found in articular chondrocytes and labrum-derived fibrochondrocytes [20] . Little is known about the biological activity of OMD. OMD is secreted into the matrix at the time of mineralization [21, 22] . The leucine-rich repeat motif of OMD is a dominant feature, comprising most of the core protein, while the acidic C terminus probably allows for binding to the hydroxyapatite of bone matrix [19] . In vitro overexpression OMD, treatment with recombinant OMD or RNA-mediated knockdown OMD in the mouse calvariae osteoblast cell line MC3T3E1 showed that the maturation state of osteoblasts and mineralization were increased by OMD [19] . It may be implicated in mineralization processes and could regulate osteoblast metabolism by binding alpha(V)beta(3)-integrin [21, 22] . Further, OMD regulates the extracellular matrix during bone formation, by controlling the diameter of type I collagen fibril [23] . Thus, a decrease of OMD secretion by SC osteoblasts could contribute to the abnormal mineralization of sclerotic bone in OA. [20] Another key preliminary result of this study is the identification of different OMD forms in serum of OA patients. OMD has a molecular weight of 49.5 kDa but glycosylated forms of 60 to 85 kDa have been identified [24, 25] . In addition, human odontoblast may secrete a 110 kDa OMD form [22] . We have identified in subchondral bone osteoblasts supernatant a 70-75 kDa OMD form and in serum of OA patients a major 54 kDa form and some minor forms of 42, 35 and 30 kDa. These latter are probably fragments of the protein. Indeed, potential cleavage sites for MMP-2, -3 and -13 are present at residues 230 and 295 of the protein and the COOH terminal peptide could stay into the bone linked to hydroxyapatite [23] . One finding is that serum and osteoblasts secretome OMD have different molecular weight and were different from recombinant OMD. We explain this discrepancy by the level of OMD glycosylation in osteoblasts secretome and serum. Furthermore, the 54 kDa form is perhaps itself a fragment and not the full-length protein. Of course, these hypotheses must be verified. Interestingly, all these OMD forms are decreased in OA patients, suggesting that the decrease of OMD results of a decrease of the protein synthesis rather than an increase of OMD degradation.
The decrease of OMD in serum could reflect abnormal bone remodeling in OA subchondral bone suggesting that OMD could be a biomarker of subchondral bone metabolic changes in OA. Of course, this hypothesis has to be confirm in larger cohort including patients at different stages of the disease.
The second most enhanced protein in SC osteoblasts secretome compared to NSC osteoblasts secretome is Fibulin-3. Fibulin-3 is known to be involved in OA. This glycoprotein is present in the normal superficial layer of cartilage and decline with ageing [26] . The fragments, Fib3-1, Fib3-2 and Fib3-3 have been first identified in urine of OA patients [27] and found to be increased in OA serum [13] . Baseline fibulin-3 epitope concentrations are associated to the incidence of knee OA defined by the radiological and clinical ACR criteria among middleaged overweight and obese women. In contrast, fibulin-3 epitopes are not associated with the knee joint space narrowing or the K&L score individually. This means that fibulin-3 epitopes predict more clinical than radiologic features in this population [13] . Fibulin-3 overexpression in a murine chondrocyte cell line ATDC5 induced changing in their cell morphology to spindle-shaped, increased their proliferative rate and suppressed their chondrogenic or hypertrophic differentiation, as assessed by aggrecan, type II and X collagen expression and alcian blue staining [28] . Recent experiments using siRNA or overexpressing fibulin-3 in human chondrocytes confirm that fibulin-3 has a role in maintaining the immature status of cells in the cartilage superficial layer [26] . Although fibulin-3 displays little interaction with elastin, fibrillin-1, and other elastic fiber or basement membrane components, mice deficient in fibulin-3 (fibulin-3 -/-mice) show defects in elastic fibers and microfibrils [29] . These fibulin-3 -/-mice also exhibit reduced fertility and lifespan accompanied with an early onset of ageing-associated phenotypes, including decreased body mass and bone density, generalized fat accumulation, and muscle and organ atrophy [29] . Few data are available on its precise role in bone. Further experiments are needed to precise the fibulin-3 role in bone metabolism, especially in OA subchondral bone sclerosis. Among proteins displaying higher relative concentrations in SC samples, we found also CHI3L1 and CSF-1, two mediators controlling bone remodelling by increasing osteoclast differentiation [30, 31] . Silencing CHI3L1 with siRNA resulted in a significant decrease in bone resorption activity [30] . Several studies have reported increased levels of CHI3L1 protein and/ or mRNA in patients with a wide spectrum of pathologies including rheumatoid arthritis, osteoarthritis (OA), giant cell arteritis and malignancies. Increased levels of CHI3L1 I was also reported in synovial fluid of knee OA patients compared to heatlhy subjects [32] . Moreover, it was observed that in patients with myeloma elevated serum concentrations of CHI3L1 aggravated bone destruction and were associated with an increase of bone resorption activity hastening the progression of bone disease [33] . CSF-1 is a cytokine that is required through all stages of osteoclast development. The osteoblasts are an important source of CSF-1 [31] . Mice lacking CSF-1 activity have an osteopetrotic phenotype due to a lack of osteoclasts [34] . Thus, the increase of CHI3L1 and CSF-1 could trigger the increase of bone remodelling observed in OA sclerotic subchondral bone.
Of course, our study suffer of some limitations: 1) the small number of subchondral bone samples which are probably not representative of all disease phenotype. This contributes to reduce the strength of our conclusion.
2) The use of subchondral bone samples collected at the late stage of disease before surgery for joint replacement. It would be interesting to investigate secretome of subchondral bone osteoblasts at different stage of the disease.
3) The culture model does not describe the ex-vivo behaviour of these cells, but rather the function of cells that grow out of the relevant tissues and then undergo extended culture before protein quantitation. It would be also interesting to investigate bone explant secretome to avoid interference with culture environment and cell differentiation occurring after cell outgrowth.
Conclusions
We highlighted some proteins differentially secreted by the osteoblasts during subchondral sclerosis in OA. These changes could explain some features observed in OA subchondral bone, like increase of bone remodelling or decrease of bone matrix mineralization. Further, OMD and fibulin-3 could be biomarkers to follow metabolic changes in subchondral bone metabolism. Indeed, these proteins are strongly regulated in sclerotic bone and their concentrations are modified in serum of OA patients. Of course, this has to be confirm in animal models and in large cohort of OA patients but these first data are promising.
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